parameter increases under high preload conditions. In normal fetuses, PLIs-IVC values range from 0 to 0.37 and have no relation with gestational age [7] .
Case Report
A 30-year-old-Japanese woman, gravida 1, para 0, was referred to the high-risk prenatal care unit in our hospital because of fetal tachycardia at 23 weeks of gestation. Obstetric ultrasound examination revealed an anterior fetal neck mass, which was bilobed, symmetrical, solid, and measuring 17 × 9 mm (Fig. 1) . The fetal heart rate was around 170 bpm. No other structural abnormalities were noted and the amniotic fluid volume was within normal range. The mother had a history of Graves' disease and received medical therapy, followed by subtotal thyroidectomy and radioiodine therapy. As a result of those treatments, she developed hypothyroidism and levothyroxine (LT4) replacement was started. Until the mid-second trimester, she had been euthyroid with LT4 replacement therapy, although high titer of TRAb persisted. It was noted that she showed marked bilateral periorbital edema and exophthalmos. Her thyroid functions at 23 weeks of gestation were as follows: TRAb 381 IU/L [manufacture reference range: <2.0 IU/L], TSH 0.09 μU/mL [manufacture reference range: 0.3-4.5 μU/mL], free thyroxine (fT4) 1.7 ng/dL [manufacture reference range: 0.7-1.8 ng/dL], free triiodothyronine (fT3) 2.7 pg/mL [manufacture reference range: 2.0-4.5 pg/mL] (Table 1a) . Based on these clinical findings, the fetus was diagnosed as having hyperby ECLIA with third-generation assay using anti TSH receptor monoclonal antibody (M22) (Elecsys anti-TSH receptor assay (Roche Diagnostics GmbH, Penzberg, Germany)) [4] . A positive result was defined as an antibody titer greater than or equal to 2.0 IU/L.
Assessment of fetal cardiac function
ACUSON Antares (Siemens Medical Solutions, Mountain View, CA, USA) ultrasound system equipped with a CH6-2 transducer (2-6 MHz) was used to evaluate fetal cardiac function. M-mode sonography or cardiotocography tracings were used commonly to measure baseline fetal heart rate. Current international guidelines recommend for the normal fetal heart rate baseline different ranges of 110 to 160 bpm. If the baseline rate is greater than 160 bpm, it is termed tachycardia [5] . The preload indexes (PLIs) and cardiothoracic area ratios (CTARs) were analyzed on the second fetus showing in utero hyperthyroid status. CTARs was defined as the ratio of the cardiac area to the thoracic area in the four-chamber view of the heart in diastole [6] . Less than 35 % CTAR is normal regardless of gestational age, whereas cardiomegaly was defined as CTAR greater than or equal to 35 %. The inferior vena cava (IVC) waveform of human fetuses has a pulsatile pattern comprising 3 phases, namely, reversed flow during atrial contraction (A), early forward flow coinciding with atrial diastole and ventricular systole (Sf), and late forward flow coinciding with ventricular diastole (Df). The PLIs-IVC is the ratio of the peak velocity of A to the peak velocity of Sf, and the value of this 150 mg/day) was initiated as in utero treatment for fetal hyperthyroidism. Since fetal heart rate didn't dropped and remained between 160 and 180 bpm, the dosage of PTU gradually increased up to 300mg at 34 weeks of gestation. During the follow-up, fetal growth restriction, defined as sonographic estimated fetal weight < -1.5 SD, became remarkable as pregnancy progressed, however, fetus did not develop cardiac failure and the heart rate was within normal range (141 bpm) after 35 Normal range is shown in parenthesis. The mother having a history of Graves' disease and received medical therapy was euthyroid status with levothyroxine replacement therapy, however, high titer of TRAb was persisted through two times of gestational period. TSH, thyroidstimulating hormone (thyrotropin); TRAb, TSH receptor antibody; fT4, free thyroxine; fT3, free triodothyronine; LT4, levothyroxine; PTU, propylthiouracil; KI, potassium iodide Normal range is shown in parenthesis. Laboratory examination of both neonates showed hyperthyroid status, and MMI was initiated immediately after birth. Levothyroxine replacement was implemented on Day 36 of 1st neonates and on Day 15 of 2nd neonates because the neonates showed central hypothyroidism. TSH, thyroid-stimulating hormone (thyrotropin); TRAb, TSH receptor antibody; fT4, free thyroxine; fT3, free triodothyronine PTU (300 mg/day) were initiated ( Fig. 3) . At 24 weeks of gestation, pericardial effusion resolved. In addition, the CTAR as well as the PLI gradually improved to 46% and 0.72 after the initiation of fetal treatment. Since the PLI was still elevated and persistent fetal tachycardia (160 bpm) was seen at 30 weeks of gestation, oral maternal potassium iodide increased to 100 mg/day. Finally, fetal tachycardia and cardiomegaly resolved at the 34 weeks gestation (Fig. 2b) , however, the enlarged thyroid gland was still present (Fig. 4) and the circumference of the thyroid was 9.8cm [normal: 3.7~6.0 cm] [reference ranges for fetal thyroid size according to Ranzini AC et al. [10] ]. Subsequently, because preterm premature rapture of the membrane occurred at 35 weeks gestation, the mother delivered a 2034-g female neonate by repeated cesarean, with Apgar scores of 8 and 9 at 1 and 5 min, respectively. Laboratory examination on Day 0 showed neonatal subclinical hyperthyroidism (TRAb 120.0 IU/L, TSH 0.01 μU/mL, fT4 1.4 ng/dL, fT3 4.9 pg/mL) (Table 1b) . Moreover, because the electrocardiogram of the baby after birth showed persistent tachycardia and accelerated maturation of the femoral ossification center was seen, MMI was initiated immediately after birth. Similar to her sibling, LT4 replacement was performed for possible central hypothyroidism. At 7 months of age, the neonate showed growth and gross motor developmental delays. She weighted 5.7 kg (< 5th percentile) and was 62 cm tall (< 5th percentile), and she wasn't able to sit without support and to crawl.
natal thyroid status according to Kliegman et al. [8] ]. The neonatal hyperthyroidism manifested with tachycardia (140-180 bpm), prompting administration of 2 mg of MMI immediately after birth. In addition, on Day 17, 4 mg of atenolol was also started for persistent tachycardia. Thereafter, MMI and atenolol were discontinued at 8 weeks of age. LT4 replacement was implemented on Day 36 because of central hypothyroidism and the infant received LT4 replacement therapy until 2 years of age, when the hypothyroidic state resolved [9] . Follow-up examination at the age of two showed the failure to thrive. He weighted 8.2 kg (< 5th percentile) and was 77 cm tall (<5th percentile). Two years after the first delivery, she became pregnant again. When first seen at 10 weeks of gestation, she was euthyroid under the LT4 replacement therapy, as follows: TRAb 230.0 IU/L, TSH 0.09 μU/mL, fT4 1.7 ng/dL, fT3 2.7 pg/mL (Table 1a) . Obstetric ultrasound showed appropriate-for-date fetus with no abnormalities and the pregnancy course was uneventful. At 21 weeks of gestation, however, the fetus developed baseline tachycardia over 170 bpm. Fetal ultrasound examination revealed an enlarged thyroid gland (15 × 12 mm), pericardial effusion and cardiomegaly (Fig. 2a) . Additionally, at 22 weeks of gestation, CTAR and PLI of the inferior vena cava were 53 % and 0.94, respectively. Taken together, the fetus was diagnosed to have in utero cardiac failure associated with hyperthyroidism. Based on the clinical course in the first pregnancy, oral maternal potassium iodide (50mg/day) and the clinical features, 2) fetal treatment using oral maternal anti-thyroid medicines was effective for improving cardiac failure, 3) maternal TRAb contributed to the development of fetal and neonatal hyperthyroidism. Cordocentesis allows direct and accurate evaluation of the fetal endocrine status, however, most concern is the procedure-related complications including transient bleeding at puncture site, transient fetal bradycardia, chorioamnionitis, and cord hematoma [11] . In this case, high serum levels of maternal TRAb values as well as fetal sonographic features led us to the diagnosis of fetal hyperthyroidism, which was confirmed after birth. Therefore, fetal hyperthyroidism could be diagnosed without the invasive procedures (i.e. cordocentesis). In particular, the key feature for the suspicion of fetal hyperthyroidism might be persistent tachycardia in women with Graves' disease, as was shown in previous reports [12] .
Fetal treatment using oral maternal potassium iodide and PTU was performed in our patient. Especially, PTU is preferred to MMI during the first trimester because the latter has been associated with aplasia cutis congenital and other malformation [12, 13] . In our case, the patient received PTU because of a history of allergic symptoms to MMI. Potassium iodide acutely inhibits hormonal secretion within hours in hyperthyroid
Discussion
In our case, the mother with a history of Graves' disease showed persistent high levels of maternal TRAb, although she was in a hypothyroidic state being treated with LT4 replacement therapy after subtotal thyroidectomy and radioiodine therapy. Our case was significant in that 1) fetal hyperthyroidism was diagnosed based on demonstrated that the occurrence of neonatal hyperthyroidism is not only due to high levels of TRAb before pregnancy, but also to TRAb not decreasing during pregnancy [19] . Additionally, fetal thyroid function might depend on the balance between the transplacental passage of maternal TRAb and thyroid inhibiting antithyroid drugs [20] . Thus, it seems difficult to predict fetal and/or neonatal outcome in Graves' disease with high levels of TRAb.
In conclusion, when managing pregnant women with complicated Graves' disease, it should be remembered that two patients are being treated: the mother and the fetus. Especially, women with history of surgery or radioiodine therapy are at risk for fetal hyperthyroidism. To the best of our knowledge, this is the first report on the changes of fetal cardiac function in response to the fetal treatment in two siblings showing in utero hyperthyroid status. The fetal heart rate and sonographic parameters for cardiac function could be useful in indicating the onset of hyperthyroidism and monitoring a response to therapy.
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patients [14] . The reason for our choice of potassium iodide in combination with PTU was that 1) iodine has few side effects, 2) iodine has prompt therapeutic effects, and 3) the urgent treatment was needed for fetus in hyperthyroid status [15, 16] .
Our report demonstrated changes in fetal cardiac function in response to oral maternal anti-thyroid medicine. Based on the indices (i.e. PLI and CTAR), we have adjusted the dosage of potassium iodide and PTU during treatment. In pregnant patients with active Graves' hyperthyroidism, it is well established that fetuses can be maintained euthyroid by keeping maternal FT4 in the upper normal to mildly thyrotoxic range for pregnant women [17] . However, there has been no safe and reliable method of determining fetal thyroid function due to the lack of monitoring maternal thyroid function. Morine et al. have shown the usefulness of sonographic measurements to gain insights into the pathophysiology of cardiac failure associated with fetal goitrous hypothyroidism [18] . Our results suggest both PLI and CTAR could contribute to the appropriate follow-up in fetal hyperthyroidism. In this case, although fetal cardiac functions were well controlled in both fetuses, the both neonates showed developmental delay at the age of two years and 7 months, respectively. The reason for this discrepancy remained unknown, but could be due to the association with fetal hyperthyroidism or other abnormalities, since both fetuses already showed growth restriction in utero. The clinical features of fetal hyperthyroidism were less severe in the first fetus than in the second, but higher levels of maternal and neonatal TRAb were noted in the first pregnancy. Reports of outcomes in siblings born to a mother with Graves' disease after total thyroidectomy or radioiodine treatment are limited. Hamada et al. 
